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YAK 591.2: 595.421+599 
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H3yuajiH hkco/jobbix KJiemeu, cBa3aHHbie c hhmh naToreHti h hx noTeHunajibHoe 
BJiHJiHHe Ha KpynHBix MJieKonHTaiomHX flajibHero BocTOKa Pocchh. HccnenoBaHLi hkco- 
noBBie KJiemn, cobpaHHtie c pacTHTentHocTH (n = 197) h c 34 MJieiconHTaiomHX (« = 264). 
7JHK BBineji^JiH MeTO^OM menoHHoro nH3Hca. 06pa3uti npoBepeHbi MeTO^OM IIIJP Ha 
npHcyrcTBHe ^HK ajit(^a-npoTeo6aKTepHH. Kjiemeh c MJieiconHTaiomHX nccne^oBajiH Ha 
npHcyTCTBHe b hhx ^HK npoT030HHbix napa3HT0B. JJfiK ajib(j)a-npoTeo6aKTepHH o6Hapy- 
^ceHa b 46.6 % KJiemen, coSpaHHbix c ^chbothbix, h b 27.4 % rojio/jHbix KJiemeu. JJfl K 
Apicomplexa obHapy^ceHa b 34.1 % nHTaBHiHxc^ KJiemen. Onpe/jejieHbi HyKJieoTH^Htie 
nocire^oBaTeirLHOCTH 5 aMmimcoHOB SaKTepnii eeM. Anaplasmataceae h 9 — npocTenniHX 
Apicomplexa. BbiflBJieiibi flHK Candidatus Neoehrlichia mikurensis Kawahara et al., 
2004, Anaplasma phagocytophilum (Foggie 1949) Dumler et al., 2001 h Ehrlichia muris 
Wen et al., 1995. 06pa3m>i Apicomplexa reHOTHnnpoBaHbi Kaic HiTaMMbi Hepatozoon ursi 
Kubo et al., 2008, H< felis (Patton, 1908) h HOBoro BH/m Theileria (Iwate 141) Theileria si¬ 
nensis Bai et al., 2002. 

Kiuoueebie ciioea: Tiirp, Me^Be^H, HKCO/jOBbie KJieirm, KJiemeBbie HH^eKitHH, Anaplas¬ 
mataceae, Apicomplexa, Panthera tigris , Ursus , Hepatozoon , Ixodes , Haemaphysalis . 
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Ha /JajibHeM BocTOice Poccnn o6nraeT MHoro peAicnx bhaob MJieKonnTaio- 
njnx, TpeSyromHx noBbimemioro BHHMaHira co CTopoHbi neJiOBeKan cneitnajib- 
hmx Mep no nx coxpaHeHHio. BHHMainni 3acJiy^CHBaeT aMypcKmi Tnrp Pan- 
thera tigris altaica Temminck, 1844, cyAb6a KOToporo Bbi3biBaeT cepbe3Hbie 
onaceHH^i (nnKyHOB n Ap-, 2010). Kphthhhoh bbitjuiaht cnryaiura c ^ajibHeBO- 
CTOHHbiM jieonapAOM P. pardus orientalis (Schlegel, 1857), KOTOpbin HaxoAHT- 
cn Ha rpaHH HCHe3HOBeHHH (nnKyHOB n AP-, 2009). B pernoHe TaK>Ke oSnraiOT 
)KHBOTHbie, peCypCbl KOTOpbIX HMeiOT 60JIbinyi0 BOCTpeSOBaHHOCTb a™ nx hc- 
noJib30BaHHH nenoBeKOM. Tax, 6ypbin Ursus arctos Linnaeus, 1758 n rnMajian- 
ckhh Ul thibetanus G. Cuvier, 1823 mcabcah abjuiiotcji Tpo(J)eiiHbiMH oxothh- 
HbHMH BH^aMH h bo MHomx oxocncTeMax pernoHa nrpaiOT BajKHenmyio pojib 
(BajieHu,eB n AP-, 2006; CepeAKHH, 2009). 

Hn3Kan uncjieHHOCTb nonyjnmnn ^eJiaeT nx yn3BHMbiMH a™ BHe3anHoro 
BbiMHpaHH«[ ot cjiyuaiiHbix co6biTHH, TaKnx KaK BcnbiniKn 3a6ojieBaHHH. He- 
AaBHne HCCJieAOBamM noKa3ajin, hto nyMa njiOTOHAHbix 6biJia anaraocTnpoBa- 
Ha y TnrpOB, n ee omnooTnn cnoco6cTBOBajia coKpamemno nx hhcjichhocth b 
Chxoto-Ajihhckom 3anoBeAHHKe (Gilbert et al., 2015). 

nporpaMMbi no penHTpoAyKitnn Tnrpa (Pojkhob haP-, 2014) n Jieonap^a 
(MnKejui n Ap-, 2010) TpebyiOT 3HaHHn pncKOB, CBaaaHHbix c HH(|)eKUHOHHbi- 
mh 3a6ojieBaHn^iMn, KOTOpbiM nOABep)KeHbi >KHBOTHbie. 3th nporpaMMbi bkjiio- 
naiOT b ce6n nccjieAOBaHiDi 5KnBOTHbix b nx coBpeMeHHOM apeane n b o6nac- 
th npe^noJiaraeMoro BbinycKa am ycTaHOBJiefflm Hajinnnfl n pacnpocTpa- 
HeHnH 3a6ojieBaHnn, KOTopbie MoryT 6biTb nepe^aHbi xnm,HnKaM hjih hx 
>KepTBaM. 

B paMKax nccjieAOBaHnn nH^eKunoHHbix 3a6ojieBaHnn rkkkx )KHBOTHbix 
6ojibinyio pojib nrpaeT n3yneHne TpaHCMnconBHbix nH^CKunn. Hkcoao- 
Bbie KJiemn hbjmiotcii oSnnraTHbiMn reMaTO(J)araMn, KOTopbie npn yxyce 
cnocoSHbi nepe^aBaTb B036yAHTeJien BnpycHbix, 6aKTepnajibHbix n npoT03on- 
hmx 3a6oJieBaHnn. HccJieAOBaHne KJiemen Ha ^anbHeM BocTOKe Poccnn noKa- 
3ajio npncyTCTBne pima TpaHCMnccnBHbix B036yAHTejien b otom pernoHe 
(Shpynov et al., 2006). ^ajibHenmee n3yneHne B03MO)KHoro pacnpocTpaHeHna 
Ha ^ajibHeM BocTOKe B036yAHTejien, OKOJiornnecKn CBH3aHHbix c KJiemaMH, 
HMeeT 3HaneHne a™ coxpaHeHi ra n ynpaBJieroifl nonyjHmnuMH ahkhx )kh- 

BOTHblX. 

B nccJieAyeMOM pernoHe itnpKyjinpyeT itejibin p^A B036yAHTeJien TpaHc- 
MHccnBHbix KJienteBbix npnpoAHO-onaroBbix HH^eKitnn: B036yAHTejm KJieiu;e- 
Boro BnpycHoro 3Hii,e(j)ajinTa, hkcoaobbix KJiemeBbix 6oppejino30B, KJiemeBbix 
pnKKeTCH 030 B n Ap- (MeA^HHHKOB n AP-, 2001; Shpynov et al., 2006; Pap n AP-, 
2010; Rar etal., 2010; JleoHOBa haP- 2015; Kochjiko n Ap-, 2016). OxBaTHTb 
nx Bcex b oahom nccjieAOBaHnn He npeACTaBjmeTCfl bo3mo^chbim, nooTOMy b 
AaHHon pa6oTe mbi orpaHnunjincb n3yneHneM SaKTepnn ceM. Anaplasmataceae 
n npocTeifflinx Apicomplexa. BoJibinnHCTBo pa6oT BbinoJiHeHbi npn nccJieAO- 
BaHnn KJiemen, coSpaHHbix c pacTHTeJibHocTH hjih cmiTbix c MeJiKnx MJieKonn- 
Taiomnx. Bo3MO)KHoe ynacrae xnirmbix MJieKonnraioirmx b (jiopMHpoBaHHH 
npnpoAHbix onaroB H3yneHO hbho HeAOCTaTOHHO. 

H,ejib AMHOro HCCJieAOBaffira — BbraBJieHne JXH K B036yAHTejieh Sarrepna- 

JlbHblX H np0T030HHbIX TpaHCMHCCHBHbIX UHH B HKCOAOBblX KJieiljax, CO- 

6paHHbix c pacTHTeJibHocTH n c KpynHbix MJieKonnTaiomnx Ha /I,ajibHeM Boc¬ 
TOKe Poccnn. 


240 


MATEPHAJI H METO^HKA 


C6op h H^eHTH^HKai^HH kji eme h 

IlHTaiomHecii KJienjn coSpaHM b 2002—2011 it. c jkhbothbix (Ta6jr 1), ot- 
jiOBJieHHtix h o6e3ABH)KeHHbix b paMKax cymecTByromHx HayHHtix nccne^OBa- 
HHH flHKHX )KHBOTHbIX Ha ^aJIBHCM BoCTOKe POCCHH B IIpHMOpCKOM Kpae, Ca- 
xajiHHCKoii o6ji. h KaMnaTCKOM Kpae (CepeAKHH, 2014). HMaro rojiOAHbix KJie- 
meft (Ta6ji. 2) Sbijih coSpaHbi c pacraTejibHOCTH c noMomtio BOJiOKyniH b 
M ae—HiOHe 2011 r. Ha 5 njionjaAKax b IIpHMopcKOM Kpae, trq npon3BOAHJicn 
otjiob MJieKonHTaiomHx-npoKopMHTejTeH (Koop^HHaTbi paftoHa pa6oT yKasaHbi 
b Ta6n. 2). Ha Ka^c^OH njiomaflKe BOJiOKymy njiom,a^bK) 1 m 2 npoTacKHBajiH 
no pacraTejibHOCTH Ha paccTOinoie 25 m. CoSpaHHbix KJiemeii xparouin b 
70%-hom cnHpTe. 

Kjieiipi 6buiH onpeAeJieHbi ao BHAa {Ixodes persulcatus Schulze, 1930, Der- 
mcicentor silvarum Olenev, 1927) hjih pona {Haemaphysalis sp. Koch, 1844) no 
Mop(|)OJiorHHecKHM npH3HaKaM c HcnoJib30BaHHeM onpe^eJiHTeJieH (Onjumno- 
Ba, 1977, 1997; Walker et al., 2003). nocne onpeAeneHira Ka>KABin KJiem noMe- 
majicn b oT^eJibHyio npoSnpKy GnneHAopcjia, coaep)KamyK) 500 mkji 70%-Horo 
OTaHOJia. 


AMnjiH(|)HKaii,H^ flHK 

Ka)Kfloro KJiem,a CHanaua H3MejibnajiH CTepnjibHbiM HHCTpyMenroM b 1.7 mji 
MHK pou,eHTpH(J)y^CHOH npo6npKe Sure-Lock, C 0 ACp)Kam;eH 250 mkji h 500 mkji 
1.25%-HOro pacTBOpa aMMnaKa ajm hhm^> h HMaro cooTBeTCTBeHHO . HamrraB- 
hihxch caMOK pa3pe3ajiH nonojiaM CTepnjibHbiM CKajibnejieM, b nocjieAyiomeM 
AJra HccJieAOBaHHH HcnoJib30BajiH cycneH3Hio, noJiyneHHyio H3 oahoh noJiOBn- 
hm. Bbi^eJieHHe flHK npoBo^HJin MeTOAOM njeJionHoro jnnnca no CTaH^apT- 
hoh MeTOAHKe (Bown et al., 2003). 

CneijH(J)HHecKyio flHK ajib(|)a-npOTeo6aKTepHH (npeACTaBHTejieii po- 
AOb Rickettsia da Rocha-Lima, 1916, Ehrlichia Moshkovski, 1945, Anaplasma 
Theiler, 1910, Neorickettisa Philip et al. 1953, Wolbachia Hertig, 1936, Holos- 
pora (ex Hafkine, 1890) Gromov et Ossipov, 1981 h Bartonella Strong et al., 
1915) BbiuBJMJiH MeTOAOM nH,P c npaiiMepaMH, (J)jiaHKHpyioin;HMH yuacTKH 
reHa 16S pPHK (nepBbiii payHA Ehr 521 TGTAGGCGGTTCGGTAA- 
GTTAAAG, h Ehr 747 — GC ACT CAT C GTTT AC AGCGT G, BTopofi payHA 
Ehr 552 — GCCAGGGCTTAACCCTGGAGC h Ehr 706 — TCCTGTTTGC- 
TCCCCACGCTTTC), no MeTOAHKe, onncaHHoii paHee (Pancholi et al., 1995). 
Jl HK npeACTaBHTejieii poaob Babesia Starcovici, 1893 h Hepatozoon Miller, 
1908 HACHTH(J)Hu,HpOBajiH H3 cycneH3HH HanHTaBniHxcn KJiemefi mctoaom 
AB yxpayHAOBon nij,P, npaiiMepaMH, (^JiaHKnpyiomHMH KOHcepBaTHBHbie yna- 
ctkh reHa 18S pPHK othx MHKpoopraHH3MOB (nepBbiii payHA BmFl 
GCGATGTATCATTCAAGTTTCTG h BmRl — T GTT ATT GC CTT A- 
CACTTCCTTGC, BTopoh payHA BmF2 — ACGGCTACCACATCTAAGGA- 
AGGC h BmR2 — TCTCTCAAGGTGCTGAAGGA), KaK onncaHO paHee 
(Simpson et al., 2005). Bee npaiiMepbi Sbijih CHHTe3HpoBaHbi b KOMMepuecKoii 
jia6opaTopnn (The School of Environment and Life Sciences, University of Sal¬ 
ford, UK). 
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T a 6 ji h ij a 1 

Pe3yjiBTaTM cGopoa hkco^obbix KJiemeh c MJieKomiTaiomHx b 2002—2011 rr. Ha flajibHeM BocToxe Pocchh 
Table 1. Ixodidae ticks collected from mammals in the Russian Far East, 2002—2011 





KojiHqecTBo coSpaHHbix KJiemeh 

B ujx 3Bepa 

MecTO cdopa 

,Z(aTa c6opa 

Ixodes 

persulcatus 

Haemaphy- 
salis sp. 

Dermacentor 

silvarum 

Tnrp Panther a tigris 

IlpHMopcKHH Kpah, TepHehcKHh p-H, Enaro^aTHoe 

13.10.2006 

3 

0 

0 


IlpHMopcKHH Kpaii, TepHeiiCKHH p-H, Ejiaro/jaTHoe 

03.05.2008 

2 

0 

0 


IlpHMopcKHH Kpah, TepHehcKHh p-H, Enaro^aTHoe 

23.05.2008 

4 

0 

0 


IlpHMOpCKHH Kpaii, TepHeHCKHH p-H, KJI. XaHOBa 

24.10.2002 

0 

1 

0 


IlpHMOpCKHH Kpaii, TepHeiiCKHH p-H, KJI. XaHOBa 

30.04.2004 

10 

3 

0 


IIpHMOpCKHH Kpaii, TepHeHCKHH p-H, KJI. XaHOBa 

07.10.2007 

0 

1 

0 


ripHMopcKHH Kpah, TepHeiiCKHH p-H, noc. TepHeii 

02.06.2010 

10 

4 

0 


XadapoBCKHH Kpah, Ehkhhckhh p-H, c. IIoKpoBKa 

04.01.2004 

0 

5 

0 


XadapoBCKHH Kpah, Bb3cmckhh p-H, c. Pockoihb 

05.06.2011 

20 

5 

1 

Pbicb Lynx lynx (Lin¬ 
naeus, 1758) 

IIpHMopcKHh Kpah, TepHehcKHh p-H, p. KypyMa 

30.10.2010 

1 

6 

0 

Me^Be^b dypbiii Ursus 

ripHMOpCKHH Kpah, TepHeHCKHH p-H, p. ^CHaH 

04.10.2009 

0 

4 

0 

arctos 

IIpHMopcKHh Kpah, TepHehcKHh p-H, p. KypyMa 

03.06.2006 

5 

0 

1 


IIpHMopcKHh Kpah, TepHehcKHh p-H, p. KypyMa 

10.06.2006 

0 

3 

0 


IIpHMopcKHh Kpah, TepHehcKHh p-H, p. KypyMa 

11.06.2006 

7 

0 

0 


TTpHMopcKHH Kpah, TepHehcKHh p-H, p. KyHajiehKa 

11.06.2004 

2 

3 

0 


ripHMopcKHH Kpah, TepHeHCKHH p-H, KJI. XaHOBa 

19.10.2002 

0 

4 

0 


IIpHMopcKHh Kpah, TepHehcKHh p-H, p. TojiydnuHaji 

31.05.2004 

0 

5 

0 


IIpHMopcKHh Kpah, flaJIbHeropCKHH P-H, p. HeBH^HMKa 

12.10.2011 

0 

11 

0 


TTpHMopcKHH Kpah, ^aJILHeropCKHH p-H, p. HeBH^HMKa 

23.10.2011 

1 

6 

0 


CaxajiHHCKaji odJiacTb, CMHpHbixoBCKHh p-H, p. BeHrepn 

21.06.2011 

1 

0 

0 


CaxajiHHCKaji odjiacTb, Cmhphbixobckhh p-H, p. BeHrepu 

03.07.2011 

7 

0 

0 


CaxajiHHCKaa odjiacTb, CMHpHbixoBCKHh p-H, p. BeHrepu 

04.07.2011 

4 

0 

0 
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Me^Be^b rHMajiaHCKHH 
U. thibetanus 


JlHCiiija Vulpes vulpes 
(Linnaeus, 1758) 
Co 6 aica eHOTOBH/jHaji 
Nvctereutes procyoi- 
des (Gray, 1834) 
Co 6 aica jjOMamHflfl Canis 
familiaris Linnaeus, 
1758 


npHMOpCKHH Kpaii, TepHeHCKHH p-H, p. rony6HHHa^ 
IIpHMOpCKHH Kpaii, TepHeHCKHH p-H, KJI. XaHOBa 
IlpHMOpCKHH Kpaii, TepHeHCKHH p-H, KJI. HameBHTBIH 
IlpHMopcKHH Kpaii, TepHeHCKHH p-H, p. KyHajieiiKa 
IlpHMopcKHH Kpaii, TepHeHCKHH p-H, p. KyHajieiiKa 
IIpHMOpCKHH Kpaii, Ha/JOK^HHCKHH p-H, p. He^KHHKa 
IIpHMOpCKHH Kpaii, Ha/JOK^HHCKHH p-H, p. He^KHHKa 
IIpHMOpCKHH Kpaii, HyryeBCKHH p-H, p. Il3K)6pHHKa 

ripHMopcKHH Kpaii, TepHeHCKHH p-H, ycTte p. CepeOpamca 

KaMuaTCKHii Kpaii, YcTt-KaMnaTCKHii p-H, 03. /jByxiopTOH- 
Hoe 


OjieHB Sjiaropo^Hbiii IlpHMopcKHH Kpaii, TepHeiicKHii p-H, p. KyHajieiiKa 
Cervus elaphus Lin¬ 
naeus, 1758 

Ka6aH Sus scrofa Lin- IlpHMopcKHH Kpaii, TepHeiicKHii p-H, p. KyHajieiiKa 
naeus, 1758 


19.06.2004 

12.06.2004 

12.06.2006 

03.06.2007 

04.06.2007 

26.06.2011 

27.06.2011 

02.11.2011 

08.11.2011 


01.08.2006 


04.06.2007 


23.10.2010 


1 

0 

3 

5 

7 

3 

17 

0 

0 

1 

11 

0 


5 

5 
1 
1 
0 

6 
0 

41 

1 

0 

0 

15 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 



T a 6 ji h ij a 2 


Pe3yjibTaTti c6opoB HMaro rono/jHBix KJiemeH c pacTHTejiBH o cth b 2011 r. 
B npHMOpCKOM Kpae 


Table 2. Numbers of adult ticks collected 
from vegetation in regions of Primorskii Krai, 2011 



KonnHecTBo KJiemeii, ocodeii (ocoGeii/M 2 ) 

MecTO cdopa 

Ixodes 

persulcatus 

Haemaphy- 
salis sp. 

Dermacentor 

silvarum 

Ha/je)K/JHHCKHH p-H, p. AHaHBeBKa 

(43.40921° c. in., 131.66277° b. ^.) 

47 (1.9) 

3 (0.1) 

0(0) 

Ha/*e5K£HHCKHH p-H, p. Majiau AHaHBeBKa 
(43.42491° c. hi., 131.66178° b. j \.) 

41 (1.6) 

2(0.1) 

0(0) 

JIa30BCKHH p-H, o-B IleTpoBa (42.86587° c. hi., 
133.80559° b. a.) 

8 (0.3) 

34 (1.4) 

0(0) 

Ha^e^HHCKHH p-H, p. He»CHHKa 

(43.46816° c. hi., 131.63665° b. a.) 

47 (1.9) 

5 (0.2) 

0(0) 

TepHencKHH p-H, kji. XaHOBa (44.89290° c. hi., 
136.33593° b. a.) 

0(0) 

7 (0.3) 

3 (0.1) 


Tadjiuua 3 

Pe3yjn>TaTBi ceKBermpoBaHiiH JJfiK B036y/jHTejieH, 
odHapy^ceHHtix b hkco/jobbix KJiemax Ha flammeM BocToxe Pocchh 


Table 3. Sequence data from amplicons derived from the PCR for rickettsia-like 
and apicomplexan organisms in the Russian Far East 







06 pa 3 eu 

HoMep 

o 6 pa 3 ua 

Bh/i KJiema 

Bun 

3 KHBOTHOrO 

Bo 36 yuHTenb 

CxOftCTBO, 

% 

cpaBHeHHfl 

(HHBeHTapHblH 


npoKopMHTemi 


HOMep ^ocTyna 






GenBank) 

E-8a 

Dermacentor silva¬ 

EypBiii 

Candidatus Neo eh¬ 

100 

JQ359061 


rum 

Me^Be^B 

rlichia mikurensis 



E-16d 

Ixodes persulcatus 

THMaJiaHCKHH 

Anaplasma phago- 

100 

EU165367 



Me^Be^B 

cytophilum 



E-B23 

7. persulcatus 

— 

A , phagocytophilum 

100 

EU165367 

E-E30 

I. persulcatus 

— 

Ehrlichia muris 

100 

GU358691 

A-8a 

D. silvarum 

EypBiii 

Hepatozoon ursi 

99 

HQ829437 



Me/jBe/jB 




A-10c 

Haemaphysalis sp. 

To >I\C 

H ursi 

99 

HQ829437 

A-24a 

7. persulcatus 

» » 

To >KC 

100 

HQ829437 

A-5a 

Haemaphysalis sp. 

r HMaJiaHCKHH 

» » 

99 

HQ829437 



Me^Be^B 




A-12a 

7. persulcatus 

To yKQ 

» » 

99 

HQ829437 

A-9a 

7. persulcatus 

Tnrp 

7A. fells 

99 

HQ829443 

A-19f 

Haemaphysalis sp. 

» 

To ;*ce 

99 

HQ829443 

A-20e 

7. persulcatus 

Ejiaropo^HBiH 

Theileria sp. Iwate 

99 

AB602888 



OJieHB 

141 



A-29e 

Haemaphysalis sp. 

JlHCHI^a 

Theileria sinensis 

99 

HM538203 




clone 56 
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CeKBeHHpoBamie 


ripn Bti6ope aMiuiHKOHOB nocxreAyioiHiero ceKBeHHp ob arnni mli opneH- 

THpoBajiHct Ha ypoBeHt cnraana b rejib-3JieKTpo(|)ope3e, bh 3 (hjih po^) KJiema 
h b cjiyuae HanHTaBHiHxcfl KJiemeii — bh a MJieiconHTaiomero, c KOToporo 6 biji 
chat KJiem. B o6meii cjio)khocth 6bijio Bbi6paHO 13 aMnjiHKOHOB, H3 hhx 4 06- 
pa3u,a /JHK B036yAHTejieii SaicrepHajibHOH npHpOAti h 9 o6pa3iR)B J\HK npo- 
CTeHHiHx (Ta6ji. 3). Bee OTnpaBJieHHbie Ha ceKBeHHpOBaHHe o6pa3ijbi 6buiH no- 
jiyneHbi H3 HMaro hkcoaobbix KJiemefi. 

^ereKipui h npeABapHTejibHaa ortemca kohh; eHTpan,HH npo^yKTOB aMnjiH(J)H- 
Kaunn npoBO^HJiacb onetcTpo^opeTHuecKH b 1.5%-hom arapo3HOM rejie c no- 
CJieAytomeii ohhctkoh Aamibix niJP-npOAyKTOB c Hcnonb30BaHHeM Ha6opa 
PureLink PCR (Invitrogen Life Technologies). OnpeAenerote HyKJieoTHAHOH 
nocjie^OBaTejibHOCTH aMnjiHKOHOB Bbinojimuiocb no MOAH(|)HLi;HpOBaHHOMy M e- 
TOAy CaHrepa b KOMMepuecKoit Jia6opaTopHH (Source Bioscience, Nottingham, 
UK). riepBHHHyK) o6pa6oTKy nocJieaoBaTeJibHOCTeii npoBo^HJiH c Hcnonb30Ba- 
HneM ChromasPro (http://technelysium.com.au/). CpaBmrreJibHbiH aHajiH3 no- 
jiyueHHbix nocjieAOBaTejibHOCTeH ocymecTBjnuiH nocpe^CTBOM BLASTIN 
(http://www.ncbi.nlm.nih.gov/BLAST). 


PE3YJIbTATbI 

Ebino cobpaHO 264 KJiema c 34 MJieKonHTaioiimx (Ta6ji. 1) h 197 HMaro ro- 
jio^Hbix KJiemeii c pacTHTeJibHocTH (Ta6ji. 2). Kneiim c MJieiconHTaioirmx onpe- 
^eJieHbi KaK I. persulcatus — 125 oco6eii, Haemaphysalis sp. — 136 oco6eii h 
D. silvarum — 3 oco6h. C pacTHTeJibHocTH coSpaHo 143 oco6h I. persulcatus , 
51 — Haemaphysalis sp. h 3 — D. silvarum . 

B 73 (27.7 %) o6pa3u,ax KJiemeit, chatbix c )khbothbix, 6biJia oSHapy^ceHa 
/(HK SaKTepHH ceM. Anaplasmataceae, b 40 (15.2 %) — tojibko /JHK npocTeii- 
mnx reMonapa3HTOB, h b 50 (18.9 %) — OAHOBpeMeHHO npHcyTCTBOBajin HK 
h 6aKTepHH h npocTeiimHx. B 123 (46.6 %) KJiemax 6biJia o6Hapy)KeHa /JHK 


Tadjiiiija 4 


Pe3yjibTaTM nU,P-/jeTeKUHH /JHK SaKTepHajibHbix h np0T030HHbix 
TpaHCMHCCHBHbIX B036y/JHTeJieH B HKCO/JOBbIX KJieiljaX /(aJIBHerO BoCTOKa Pocchh 


Table 4. Results of PCR tests for rickettsia-like organisms 
and for apicomplexan organisms in sampled Ixodidae ticks in the Russian Far East 


ripo6bi 


KjienjH, cmrme c )kh- 
bothbix 

Kjiemn, codpaHHBie 
C paCTHTeJIBHOCTH 

Bcero 


flojio^cHTenbHbie flonoacHTenbHbie 


Bcero 

Ha Anaplasmatacea 

Ha Apicomplexa 

Hccne^o- 

BaHO 

CHrHan 

yBepeHHbiii/ 

CHJIbHblH 

CHrHan 

cna6biii 

CHrHan 

yBepeHHbin/ 

CHnbHblH 

CHrHan 

cna6bin 

264 

64 (24.2 %) 

59 (22.3 %) 

83 (31.4%) 

7 (2.7 %) 

197 

7 (3.6%) 

47 (23.9 %) 

— 


461 

71 

106 

83 

7 
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ajib(|)a-npOTeo6aKTepHH. J \HK 6 aKTepHii ceM. Anaplasmataceae coAep^cajiH 54 
(27.4 %) rojiOAHbix Bapocjibix KJiema. Ot 64 nojio^CHTejibHbix npo6 KJiemefi, 
COSpaHHbIX C 3KHBOTHbIX, H 7 Iipo6 TOJIOAHblX HMarO, COSpaHHbTX C paCTHTeJIb- 
hocth, 6 biJio nojiyneHO AOCTaTOHHoe a™ ceKBeHupoBaHHH KOJinnecTBO /JHK 
6aKTepnajibHbix B036yAHTejieri (Ta6ji. 4). npn o6Hapy)KeHHH y KJiemeft, co- 
6paHHbix c >khbOTH bix, ffHK npocTeiimHx reMonapa3HTOB, ee AOCTaTOHHoe ko- 
jiHnecTBO a™ BbMBJieHHH HyKJieoTHAHbix nocjieAOBaTejibHOCTeii 6buio nojiyne- 
ho H3 83 npo6. 


CeKBeHHpoBaHHe 

CeKBeHHpOBaHHbie o6pa3m>i, HCCJieAOBaHHbie Ha 6aKTepHajibHbie HH(j)eK- 
Ahh, BKJHonajiH nocjieAOBaTejibHOCTH ajihhoh ot 194 ao 203 nap ocHOBaHHH. 
Jl jiHHa ceKBeHHpoBaHHbix nocjieAOBaTejibHOCTeii npo6, TecTHpyeMbix Ha npo- 
CTeHiiinx reMonapa3HTOB, KOJieSajiacb ot 609 ao 657 nap ocHOBaHHH. 

HccjieAOBaHHH noKa3ajiH, hto b tojioahbix KJiemax I. persulcatus , chhtbix c 
pacTHTejibHOCTH, 6buia o6Hapy)KeHa Jl HK Anaplasma phagocytophilum (Fog- 
gie 1949) Dumler etal., 2001 (o6pa3en E-B23) h Ehrlichia muris Wen etal., 
1995 (o6pa3eu; E-E30). J\HK A. phagocytophilum (o6pa3en E-16d) 6buia o0Ha- 
py^ceHa TaiQKe b HMaro I. persulcatus , nHTaBineMCn Ha rHMajiaiicKOM mcabcag 
(Ta6n. 3). B HMaro D. silvarum , chhtom c 6yporo mcabca^, oSHapy^ceHa /JHK 
Candidatus Neoehrlichia mikurensis Kawahara et al., 2004. 

HccjieAOBaHHe o6pa3u,OB Ha npocTeiimHx reMonapa3HTOB n 0 Ka 3 a.no, hto b 
HM aro KJiemen Haemaphysalis sp ., I. persulcatus , D. silvarum , nHTaBHiHxcn Ha 
MeABeAflx (icaic 6ypbix, TaK h rHMajiaiicKHx), o6Hapy)KeHa ,U,HK Hepatozoon ur- 
si Kubo et al., 2008 (Ta6ji. 3). B KJiemax Haemaphysalis sp. h /. persulcatus , 
CHATbix c THrpoB, 6biJia o6Hapy)KeHa J\HK H felis (Patton, 1908). Ffe impo- 
njia3MHA b KJiemax, chhtbix c 6jiaropoAHoro ojieroi h jihchabi, 6bijih BbiHBJieHbi 
reMonapa3HTbi poAa Theileria Bettencourt et ah, 1907. 


OECY^EHHE 

Hirrepec npeACTaBJHieT o6Hapy)KeHHe flHK C. N. mikurensis y caMija D. sil¬ 
varum , CHHTOro c 6yporo MeABeAfl b 6 acceinie p. KypyMa (TepHeiiCKHH p-H 
EfpHMOpCKoro Kpan). CoraacHO o63opy K. BeHHepyac (Wenneras, 2015), 
C. N. mikurensis HAeHTH(})HLmpoBajiH b EBpone h A3hh b hkcoaobbix KJiemax, 
rpbi3yHax, a TaK)Ke y AOManiHHx coSaKax h y nejiOBeKa. Ha ,H,ajibHeM BocTOKe 
Pocchh C. N. mikurensis Sbijih oSHapy^ceHbi b XaSapoBCKOM Kpae b Tae^CHbix 
KJiemax I. persulcatus h mcjikhx MJieKomrraioiimx (Rar et ah, 2010). TaK KaK 
mm He HCCJieAOBajra OTAejibHO KpOBb yKHBOTHbix-npoKopMHTejieii Ha npncyrcT- 
BHe b hhx HK 6 aKTepHH, mm He MOiKeM onpeAMHTb, kto HBJineTC h hctohhh- 
kom B036 yAHTejin b HameM cjiynae — KJiem hjih MeAeeAt. TeM He MeHee nojiy- 
neHHbiH HaMH pe3yjibTaT npeACTaBJineT HHTepec, nocKOJibKy b jiio6om cjiynae 
AaHHbiii o6pa3en HBJineTCn nepBbiM oSHapyjKeHneM C. N. mikurensis KaK j\jik 
KJiemeii D. silvarum , TaK h a™ 6 ypwx MeABeAeih no JiHTepaTypHbiM AaHHbiM, 
npHcyrcTBHe othx SaKTepnii b KJiemax poAa Dermacentor ao HacTonmero Bpe- 
MeHH onpeAejimiH tojibko b D. reticulatus Fabricius, 1794 (Wenneras, 2015). 
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no HaniHM A^HHbiM, /JHK A. phagocytophihim 6buia o6Hapy^ceHa b tojioa- 
hoh caMKe /. persulcatus b Hbaokahhckom p-He h b HararraBmeHcn caMKe 
/. persulcatus , chotoh c THMajiaiicKoro MeABeAn b TepHeiiCKOM p-He npmviop- 
CKoro Kpan. npHcyTCTBHe ototo B036yAHTejin Ha ^ajibHeM Boctokc Pocchh 
xopomo H3BCCTHO H 3aflOKyMeHTHpOBaHO a™ HKCOAOBbIX KJiemefi H MeJIKHX 

MJieKonHTaiomHx (Shpynov et al., 2006; Rar et al., 2008, 2010). 

HMeiOTCfl CBeAeHHH o BbiAejieHHH J\HK A. phagocytophilum m TKaHeft 6y- 
pbix MeABeAeii b CjiOBaKnn (Vichova et al., 2010), a tslktkq H3 TKaHeii nepHbix 
MeABeAeii U. americanus Pallas, 1780 b CI1IA (Stephenson et al., 2015, Zolnik 
et al., 2015). TaKHM o6pa30M, He npeACTaBJineTcn bo3mojkhbim onpeAemiTb hc- 
tohhhk B036yAHTe™, BbiAejieHHoro H3 HararraBiiierocfl KJiema, nepBOHananb- 
ho oh Mor 6biTb KaK b caMOM KJieiAe, TaK h b THManaiicKOM MeAeeAe. 

Ha ceroAHHniHHH a^hb He 6biJio 3aperncTpnpOBaHO HHKaKHx kjihhhh ecKHx 
npH3HaKOB aHanjia3M030B y ahkhx xhiijhhkob, KonbiTHbix hjih rpbi3yHOB (Cun¬ 
ningham, Yabsley, 2011). nooTOMy ManoBepoirrao, hto aHanjia3M03 MO^ceT 
Bbi3BaTb npo6jieMbi a™ nonyjHmHH ahkhx jkhbothbix Ha ^ajibHeM BocTOKe. 

ffSAK Ehrlichia muris oGHapynceHa b npo6e, noJiynemioH H3 caMija I. persul¬ 
catus , COGpaHHOrO C paCTHTeJIbHOCTH B HaAOKAHHCKOM p-He npHMOpCKO- 
ro Kpan. CeKBeHHpOBaHHa^i nocjieAOBaTejibHOCTb 6buia HeoTJiHHHMa ot He- 
CKOJIbKHX HITaMMOB, B TOM HHCJie E. MUris H30JMTa NoV-Ip205, KOTOpblH Bnep- 
Bbie 6bui oSHapynceH b o6pa3n,ax KJiemeii h rpbi3yHOB, coSpaHHbix b a3HaTCKoii 
Hacra Pocchh (Rar etal., 2008, 2010). E. muris b nepByio onepeAfc nBJineTcn 
B036yAHTejieM rpbi3yHOB (Kawahara etal., 1999). HaM He H3BecTHO cnyuaeB 
perncTpaAHH ototo BHAa y ahkhx KomanbHX hjhi JKBamibix jkhbothbix, h noo- 
TOMy oh, cKopee Bcero, He npeACTaBJineT npoSneMbi a™ npeACTaBHreneii othx 
rpynn MJieKororraiomHx. 

Jl HK H. ursi 6biJia oSHapy^ceHa HaMH b 5 o6pa3n,ax H3 TepHeiiCKoro h 
^anbHeropcKoro paiiOHOB npHMopcKoro Kpan: ot caMOK Haemaphysalis sp., 
ch^tmx c THMajiaiicKoro h 6yporo MeABeAeii, caMija D. silvarum c 6yporo MeA- 
BeA^ h caMOK I. persulcatus c THMajiaiicKoro h 6yporo MeABeAeii. Bee 
nocjieAOBaTejibHOCTH OTimnaiOTcn Apyr ot Apyra h ot H. ursi , moimpoBaHHOH 
LaCONES, oahoh hjih AByMn napaMH ocHOBaHHH, 3a HCKmoneHHeM npo6bi 
A-24a, KOTOpan aScomOTHO HACHTHHHa. nocKOJibKy nononcHTejibHbiMH Ha 
H. ursi 6buiH TOJibKO o6pa3ijbi, BbiAeneHHbie H3 KJiemeii, KOTopbie nHTajincb Ha 
MeAeeA^x, Beponmee Bcero, hctohhhkom B036yAHTejin hbjhhotoi MeABeAH, h b 
KJiemcii npocTeihime nonajin BMecTe c KpOBbio. B npeAtiAynjHx paSoTax 

H. ursi 6biJiH o6Hapy^ceHbi b Hhahh y MeABeAeH-rySaneii Melursus ursirtus 
(Shaw, 1791), H3 KOTOpbix h 6biJi nonyneH mTaMM LaCONES H. ursi (Pawar 
et al., 2011), h b ilnoHHH y raMajiaiiCKHx MeABeAeii, y KOTOpbix oh 6bin npHHH- 
hoh HHTepCTHu,HajibHOH nHeBMOHHH (Kubo et al., 2008). Y 6ypbix MeABeAeii 
paHee oh He o6Hapy)KHBajicn. TaKHM o6pa30M, oto nepBoe onHcamie H. ursi 
AJin 6yporo MeAseAn h Ann yccypniicKoro noABHAa THMajiaiicKoro MeAeeAn 
U. thibetanus ussuricus Heude, 1901. OSHapynceHHe AaHHoro naToreHa y AByx 
bhaob MeABeAeii Ha /JammeM BocTOKe Pocchh MonceT hmctb 3HaneHHe Ann hx 
coxpaHemm b otom pernoHe. 

ripn oScjieAOBaHHH KJiemeii, nHTaBHiHxcn Ha rarpax, b o6pa3ijax cbmkh 

I. persulcatus , coSpaHHofi c rarpa b oKpecraocrax noc. TepHefi h cbmkh Hae¬ 
maphysalis sp. — c rarpa b Sacceime Kjnona XaHOBa, 6biJia oSHapynceHa £[,HK 
H. felis. nocKOJibKy otot B036yAHTejib yAanocb oSHapyncHTb tojibko b KJiemax, 
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nHTaBiiiHxcfl Ha THrpax, HeT HHKaKHx comhchhh, hto b KJiemefi oh nonan c 
KpOBBio 3thx ^chbothbix. PaHee Hl felis 6biji oSHapy^ceH y KomanbHx no BceMy 
MHpy, b tom HHCJie b Hhahh (Pawar et al., 2012), Epa3HJiHH (Andre et al., 2010) 
h HpaHe (Khoshnegah et al., 2012), TeM He MeHee oto nepBaa HaxoflKa ototo 
naToreHa y ahkhx aMypcKnx rarpoB (Thomas et al., 2016). 

Y ahkhx xHHj,Hbix HH(j)HijHpOBaHHe Hepatozoon sp. o6bihho npOTeKaeT 6ec- 
CHMnTOMHO (Andre etal., 2010; Cunningham, Yabsley, 2011; Pawar etal., 
2012), npH 3TOM 60 Jiee BOCnpHHMHHBbI K pa3BHTHK) KJIHHHHeCKOH (jlOpMbl 3a- 
6ojieBamm mojioamc miBOTHbie, oco6h c HMMyHOAe^HnjiTOM, a TaK^Ke ^chbot- 
Hbie, HMeiomne conyrcTByiomHe HH^eiojHH (Cunningham, Yabsley, 2011; 
Khoshnegah et al., 2012). flooTOMy ManoBepoirmo, hto tojibko 3T0T B036yzjn- 
Tejib MO^ceT HMeTb HeraraBHoe Brummie Ha ahkhx KomaubHx (Tnrp, neonapA) 
Ha /3,ajibHeM BocTOKe Pocchh. O^HaKO, ynHTbiBan noTeHAHajibHyio naToreH- 
hoctb, MoryT 6biTb HeodxoAHMbi AonojiHHTejibHbie HCCJieAOBamm. 

Jl HK, o 6 Hapy 5 KeHHan b o 6 pa 3 n;ax cbmkh I. persulcatus , chhtoh c GnaropoA- 
Horo ojiemi b Gacceime p. KyHaneiiKa (TepHeiiCKHH p-H ripHMopCKoro Kpan), 
OKa 3 ajiacb HanSonee noxo^rca Ha Theileria sp. Iwate 141, oSHapy^emryio y mt- 
hhctoto oJiemi Cervus nippon Temminck, 1838 b ^noHHH (Ikawa et al., 2011). 
Theileria sp. 6 biJia o 6 Hapy)KeHbi y mhothx bhaob oneHeii bo mhothx CTpaHax, 
BKJHonan ^[noHHK) (Ikawa et al., 2011), lOmiyio A^pmcy (Nijhof et al., 2005; 
Tonetti etal., 2009) h CI1IA (Yabsley etal., 2005). CMepTejibHbie hcxoaki y 
ahkhx ^CBauHbix >KHBOTHbix BCJieACTBHe mujDHijHpoBamm Theileria sp. 6bijih 
3 a(J)HKCHpoBaHbi paHee, oco 6 emio y mojioakix tqjirt h onemiT (Nijhof et al., 
2005; Yabsley et al., 2005). HecMOTpn Ha to hto He 6 biJio 3 a 4 >HKcnpoBaHO kjih- 
HHuecKHx npouBJieHHH HH(J)eKn,HH y n^THHCToro ojiemi, o 6 Hapy)KeHHe Theile¬ 
ria sp. y miTHHCTOro ojiemi b ilnOHHH h y KJiema, KOpMHBinerocm Ha GnaropOA- 
hom oneHe b Hameh BbiSopKe c ^ajibHero Boctoku, mo^kqt 6bitb npHHHHoii 
decnoKoncTBa. IhiTHHCTbiH h SjiaropoAHbiii oneHH hbjuiiotcii BamieHinHMH bh- 
AaMH ao6bihh THrpa h neonapAa (IlHKyHOB h ap., 2009, 2010), n cneAOBaTeJib- 
ho jtio6oh naToreH, KOTopbin Mo^ceT noBinmTb Ha HHCJieHHocTb oneHeii, cneAy- 
eT pacCMaTpHBaTb Kaic noTeHi^najibHyio yrpo3y j\jik 3thx pe^iCHx xhiijhhkob. 
B AaJibHeiimeM Sy^eT nojie 3 HO HCCJieAOBaTb noTemjHajibHbiH 3 (])(j)eKT ototo 
B 036 y£HTejm Ha nonyjmAHH oneHeii Ha JJjsijibKQu BocTOKe Pocchh. 

/3,HK, oSHapy^Kemiaii y caMu;a Haemaphysalis sp., cmrroro c JiHcmjbi b Hy- 
ryeBCKOM p-He ripHMopCKoro Kpan, 6biJia HaeHTH(J)HUHpoBaHa KaK Theileria si¬ 
nensis Bai et al., 2002 clone 56, HaiiAeHHan y KpynHoro poraToro CKOTa b Kh- 
Tae (Yin et al., 2004). 7. sinensis nepe^aeTCH npH yKyce Haemaphysalis qing- 
haiensis Teng, 1980 h CHHTaeTCn yMepeHHO naToreHHOH Rim KpynHoro 
poraToro CKOTa h ukob (Yin et al., 2004; Liu, 2010), ho B036yAHTejm He 6bijih 
3apernCTpHpOBaHbi b KaKHx-jm6o flpyrmx bha&x. IIo3TOMy mo>kho npeAnono- 
>KHTb, hto B036yAHTejib npHcyTCTBOBan b KJieme, a He b jiHCHt^e. Xo th 3tot 
B036yAHTejib 6bui onncaH cpaBHHTejibHO He^aBHO, HMeiomaacfl HH4)opMan,mi 
CBH^eTeJibCTByeT o tom, hto otot naToreH He HBjmeTcn yrpo3oii ajhi nonyjm- 
u,hh ahkhx MJieKonHTaiomHx b nccjieAyeMOM perHOHe. 

B paMKax A^HHoro HCCJieAOBamm mbi CTaBHJiH nepeA co6oii ijejib npOBecTH 
nepBHHHbiii ckphhhht SaKTepnajibHbix h np0T030HHbix B036yAHTejieii b KJie- 
max, ch^tbix c KpynHbix MJieKonHTaiomHx /Jammero BocTOKa Pocchh. Ilony- 
neHHbie HaMH AaHHbie npeACTaBjmioT AeHHOCTb am AaJibHeiimHX HCCJieAOBa- 
HHH H n03BOraiOT C(J)OKyCHpOBaTbC^ Ha H3yueHHH KOHKpeTHblX B036yAHTeJieil. 
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YHHTbiBafl orpaHHHeHHoe hhcjio nojio^CHTejibHbix o6pa3ijOB, KOTopbie 6 bijih 
ceKBeHHpoBaHbi h npoaHajiH3HpoBaHbi, Kpaime Bepojrmo, hto ^pyrae 6ojie3- 
HeTBOpHbie MHKpoopraHH3Mbi, o6Hapy)KeHHbie fflJP, He Sbura H^eHnnjDHijHpo- 
BaHbi. flajibHeiimHe HCCJieAOBaHHH Sy^yr HeoSxo^HMbi, hto6bi ^aTb nojmyio 
KapTHHy pacnpocTpaHeHHii naToreHHbix MHKpoopraHH3MOB, npucyTCTByiomHx 
Ha poccHHCKOM /JajibHeM Boctokc, KaK b nonyjrapnix KJiemeii, TaK h MJieKonH- 
TaiomHx. 
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SUMMARY 

The Russian Far East is characterized by high biological diversity and a large number 
of mammals, including many rare species such as the Amur tiger Panther a tigris altaica 
Temminck, 1844, the Far Eastern leopard P. pardus orientalis (Schlegel, 1857), the brown 
bear Ursus arctos Linnaeus, 1758, and the Asiatic black bear U. thihetanus G. Cuvier, 
1823. Population declines of these species are largely due to habitat loss, poaching and re¬ 
duction of prey species/forage base. However, there is also the risk of population decrease 
and even extinction due to infectious diseases, which have not been adequately studied in 
the region. This research was performed to identify tick-bome pathogens in the Ixodidae 
ticks and large mammals in the Russian Far East and their potential impact on wildlife po¬ 
pulations. For this purpose, we examined adult free-ranging and feeding ticks collected 
from vegetation and from mammals. Ticks (n = 264) were collected from 34 animals, inc¬ 
luding Amur tigers, lynxes Lynx lynx (Linnaeus, 1758), brown bears, Asiatic black bears, 
foxes Vulpes vulpes (Linnaeus, 1758), raccoon dogs Nyctereutesprocyoides (Gray, 1834), 
domestic dog Canis familiaris Linnaeus, 1758, red deer Cervus elaphus Linnaeus, 1758 
and wild boars Sus scrofa Linnaeus, 1758. Additional ticks (n = 197) were collected from 
five ground drags in various locations throughout the Russian Far East during the peak tick 
season (May and June). DNA was extracted by alkaline digestion and two PCR assays we¬ 
re carried out. The first assay looked for the presence of rickettsia-like organisms and was 
performed on all samples. The second assay looked for the presence of apicomplexan or¬ 
ganisms and was performed only on ticks collected from animals. DNA of Rickettsia-like 
organisms were detected in 46.6 % of the feeding ticks collected from animals and 27.4 % 
of the ticks collected from ground drags. DNA of Apicomplexan organisms were detected 
in 34.1 % of the feeding ticks collected from animals. The nucleotide base sequences of fi¬ 
ve amplicons obtained from rickettsia-like organisms and nine amplicons obtained from 
apicomplexan organisms were determined. Comparative sequence analysis revealed that 
the rickettsia-like organisms were likely members of the taxa Candidatus Neoehrlichia mi- 
kurensis Kawahara et al., 2004, Anaplasmaphagocytophilum (Foggie 1949) Dumler et al., 
2001, and Ehrlichia muris Wen et al., 1995. The apicomplexan samples could be delinea¬ 
ted into five like strains of Hepatozoon ursi Kubo et al., 2008 (all infecting ticks collected 
off bears), two likely strains of H. felis (Patton, 1908) (both infecting ticks collected off fe- 
lids), one close relative of a likely novel Theileria species (currently referred to as Iwate 
141), and one close relative of Theileria sinensis Bai et al., 2002. These results indicate the 
presence of tick-borne pathogens in tick and carnivore populations in the Russian Far East 
and should be used as a basis for further research to quantify the epidemiologies of infec¬ 
tions caused by these potential pathogens. 
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